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KenyaBetween 2004 and 2007, NGOs, community based organisations and private investors promoted jatropha in
Kenya with the aim of generating additional income and producing biofuel for rural development. By 2008 it
became gradually evident that jatropha plantations (both mono- and intercropping) are uneconomical and
risky due to competition for land and labour with food crops. Cultivation of jatropha hedges was found to have
better chances of economic success and to present only little risks for the adopting farmers. Still, after 2008 a
number of farmerswent on adopting jatropha inplots rather than as hedges. It is hypothesised that lack of aware-
ness about the low economic prospects of jatropha plantations was the main reason for continued adoption, and
that smallholder farmers with higher resource endowments mainly ventured into its cultivation.
In this study we provide an empirical basis for understanding the role of households' capital assets in taking
up new livelihood strategies by smallholder farmers in three rural districts in Kenya. For that purpose, we assess
themotivation and enabling factors that led to the adoption of jatropha as a new livelihood strategy, aswell as the
context in which promotion and adoption took place. A household survey was conducted in 2010, using a struc-
tured questionnaire, to collect information on household characteristics and capital asset endowment. Data were
analysed using descriptive statistics and non-parametric statistical tests.
We established that access to additional income and own energy supply were themain motivation for adoption of
jatropha, and that ﬁnancial capital assets do not necessarily have a positive inﬂuence on adoption as hypothesised.
Further, we found that themain challenges that adopting farmers facedwere lack of access to information on good
management practices and lack of a reliablemarket.We conclude that continued adoption of on-farm jatropha after
2008 is a result of lacking awareness about the low economic value of this production type. We recommend
abandoning on-farm production of jatropha until improved seed material and locally adapted agronomic knowl-
edge about jatropha cultivation becomes available and its production becomes economically competitive.
© 2013 The Authors. Published by Elsevier Inc. Open access under CC BY-NC-ND license.Introduction
In East Africa, non-governmental organisations (NGOs), community
based organisations and private investors started promoting Jatropha
curcas L. as a biofuel feedstock around the year 2005, especially in arid
and semi-arid areas with low agricultural productivity (Hunsberger,
2010). Jatrophawaspromoted as a biofuel feedstock aswell as a solution
for rural development (Eijck, 2007; Henning, 2004; Messemaker, 2008;41 31 631 85 44.
aka),
.iiyama@cgiar.orgb (M. Iiyama),
a.ch (S. Gmuender).
. Open access under CC BY-NC-ND liceOpenshaw, 2000; Romijn and Caniels, 2011). At that time, jatropha was
perceived as having the potential to reclaim wastelands, as the risks of
soil erosion are generally lower under perennial crops and jatropha
plantations are likely to increase biotic and soil carbon sequestration
(Lal, 2006). Further, jatropha was perceived as being able to deliver
high-quality biofuel in marginal areas without being a threat to the
environment, nor competing for high-potential land and other valuable
resources (Francis et al., 2005). These seemingly promising prospects
led to an actual hype in thewake of which Jatrophawas often promoted
as a solution for rural development (Romijn and Caniels, 2011).
In the wake of the hype, jatropha was given priority in Kenya too,
as part of the country's renewable energy strategy. It was seen as an
opportunity to enhance rural smallholders' livelihoods through income
generation and the provision of affordable and locally available energy
(Government of Kenya, 2008, 2009; Hunsberger, 2010; Muok and
Källbäck, 2008). However, promotion – often accompanied bynse.
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viduals and companies, who invested without involving the govern-
ment. Local NGOs were also active and lobbied for the government's
support. Yet no effort wasmade to establish jatropha's feasibility before
its introduction, or to integrate it into the existing economic context.
Adoption was neither followed up by extension services nor regulated
by the government (Mogaka, 2010). As a consequence low-quality
planting materials were used and inadequate agronomic practices led
to the spreading of pests and diseases in plantations and to low yields
(Iiyama et al., 2013).
After the hype, the high economic hopes initially placed in jatropha
were revised downwards. Farmers started reporting that it was labour-
and capital-intensive, thereby casting doubt on its economic viability
(Mogaka, 2010; Tomomatsu and Swallow, 2007). More recently, the
Jatropha Reality Check commissioned and published by then the German
Technical Cooperation (GTZ, 2009), and the subsequent analysis of
management factors affecting productivity (Iiyama et al., 2013), came to
the conclusion that jatropha production in monoculture or intercropping
systems under smallholder conditions is not economically viable in
Kenya. Some economic potential was identiﬁed for jatropha hedges,
mainly because associated investment risks and opportunity costs of
land are signiﬁcantly lower thanwithmono- and inter-cropping systems.
Still, adoption of jatropha by smallholder farmers went on after
2008, when information about its economic drawbacks had already
begun to circulate. Though the rate of adoption slowed down, most
farmers invested in riskier plot-based plantations rather than less
risky hedges (GTZ, 2009; Mogaka, 2010). This dynamic leads to the as-
sumption that lack of awareness about the low economic prospects
was the main cause for continued adoption on plots, and that it was
mainly better-off farmers – in terms of resource endowments – who
were ready to take up the risk to venture into its cultivation. Assessing
the motivations of these farmers and the enabling factors that led
them to adopt jatropha on their farms, and the context in which adop-
tion took place is an important step towards reaching a better under-
standing of the underlying mechanisms of recent jatropha promotion
and development processes in Kenya. It also provides a basis for under-
standing, more generally, the uptake of new livelihood strategies by
smallholder farmers in various rural contexts of Kenya.
The main objective of the present study is thus to explore jatropha
adoption by smallholder farmers in 3 case study areas in Kenya, where
this crop was actively promoted in the recent past. This objective is
pursued by: (a) assessing the main drivers of jatropha adoption;
(b) characterising adopters, (c) describing the way in which they
adopted jatropha; and (d) identifying main agronomic challenges
faced by adopters. The scope of the study was selected in such a way
as to help decision-makers, agricultural departments, and extension
ofﬁcers in Kenya and elsewhere in East Africa to enhance their biofuel
development strategies. This could improve the uptake of innovations
and mitigate opportunity gaps and risks of new livelihood strategies.
Methodology and materials
Capital assets play a fundamental role in shaping livelihood strate-
gies (Barrett and Reardon, 2000; Chambers and Conway, 1992; Ellis,
1998; Farrington et al., 1999). Most adoption studies consider variables
representing human, social and ﬁnancial capital assets. Physical capital
assets are often represented by variables indicating access to markets,
roads, or infrastructure (Marenya and Barrett, 2007; Muyanga, 2009;
Nkonya et al., 1997). Natural capital assets do not have a single deﬁni-
tion and are used in diverse ways. In this study we follow Daly's deﬁni-
tion and consider them as a stock of materials that exist in the natural
environment and are economically useful in production or consump-
tion, either in their raw state or after minimal processing (Daly, 1994).
Some livelihood studies deﬁne livestock as a ﬁnancial asset, as it
can be cashed and liquidated relatively easily in the absence of bank
loan opportunities (Campbell and Knowles, 2011). We deﬁne it as anatural capital asset, since it is the basis for producing milk, meat,
skin, or wool (Daly, 1994; WTO, 2010).
In this study, capital assets are conceptualised as enabling factors of
jatropha adoption by smallholders. As a matter of fact, jatropha cultiva-
tion has turned out to be as labour and capital intensive as any other ag-
ricultural technology. Therefore, we assume that making use of capital
assets enables farmers to venture into its production. We considered
all ﬁve types of capital assets: Human capital: Household characteristics
inﬂuence attitudes towards new ideas. Education prevents one from
taking up new enterprise without evaluating feasibility, while age inﬂu-
ences the preparedness to take risks. Male household heads can decide
on the utilization of land, while their female counterparts have to seek
permission before taking such decisions. Widowed or divorced women
have more freedom in this respect and can therefore take up new
activities more easily. Investment behaviour is also inﬂuenced by the
availability of family labour, and thus by the size of the household. Social
capital: Access to mobile phones and group membership both improve
the access to information and to other social capital beneﬁts that can en-
hance technology adoption. Financial capital: Access to credit empowers
persons with ﬁnancial constraints to venture into new activities, while
off-farm income helps bridging the long gap between jatropha planting
and plant maturity. Natural capital: Ownership of sufﬁcient land allows
putting aside some for the testing of new crops, but large areas of land
under agriculture can reduce interest in new crops due to opportunity
cost of labour. Ownership of livestock is similar to availability of cash,
which can be used to invest in new crops. Physical capital: Distance
from roads has an inﬂuence on the access to information on new
technologies and therefore on the likeliness of adoption.
Research for this paper was conducted in 3 case study areas (Fig. 1)
in different agro-ecological zones of Kenya:
1. Bondo, inNyanza Province, is oneof the poorest districts in Kenya de-
spite its location in an area with a medium to high agro-ecological
potential. The main livelihood activities are mixed farming, ﬁshing,
small trade (ﬁrewood, charcoal), and mining (DEO, 2007).
2. Kibwezi, in the Eastern Province, is located along the Nairobi–
Mombasa highway and has suffered from semi-arid climatic condi-
tions. The main livelihood activities are food crop farming, livestock
rearing, and wood carving (Amwata, 2009).
3. Kwale, in Coast Province, is located nearMombasa, and the climate is
sub-humid. Livelihood activities include mixed farming, formal and
informal employment in the tourism industry, and small business
and trade (ﬁrewood, groceries, and ﬁsheries) (DEO, 2008).
A household survey was conducted between February and May
2010 in these 3 areas. A structured questionnaire was used to interview
a total of 278 households (69 in Bondo, 109 in Kibwezi, and 100 in
Kwale). Nearly equal numbers of adopters and non-adopters were
randomly selected and interviewed in each study area. A list of all
adopters was acquired from jatropha promoters and random number
tables used to sample interviewees. Interviewed adopters were asked
to name three neighbours, who did not adopt jatropha. One of them
was randomly selected and interviewed. The structured questionnaire
contained questions about the main livelihood assets and about
the adopted jatropha cultivation system. The survey was conducted in
Kiswahili and lasted around 30 min. Prior to the household survey, at
least one focus group discussion was carried out, bringing together local
elites and administration, and jatropha promoters. Questionnaire data
were analysed using descriptive statistics. Additionally, Pearson's chi
square (×2) and MannWhitney's tests (M–W) were used to determine
statistical signiﬁcance of the hypothesised livelihood assets as well as
income values among adopters and non-adopters across the 3 areas.
Regarding the data quality, it must be mentioned that some respon-
dents were unable to provide precise information on jatropha produc-
tion. This was mainly due to farmers' lack of experience, as jatropha is a
relatively new crop in Kenya. It was also difﬁcult to obtain reliable data
on jatropha hedges, as farmers do not usually record yields or length of
Fig. 1. Location of the 3 case study areas (Bondo, Kibwezi, and Kwale). The two large maps also display population density of administrative locations, whereas the inset map shows the
agro-ecological zones of Kenya.
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at the time of the ﬁeldwork, owing to the absence of amarket or because
of insufﬁcient yields in young jatropha plantations. Data quality was
ensured by including only reliable cases and ﬁgures in the analysis. This
resulted in a substantially reduced sample size for some questions.
Results and discussion
In the following sections results are grouped to address the speciﬁc
objectives of the paper, namely (a) to describe what motivated or
drove farmers to adopt jatropha; (b) to characterise adopters and
non-adopters on the basis of their capital endowment in view of ﬁnding
out if there is any distinguishing feature or a correlation between asset
endowment and adoption; (c) to describe the jatropha farming practice,
including the source of information about crop management, the
cropping system (monoculture, intercropping, hedge), and the addi-
tional management practices (irrigation, fertiliser and pesticide); and
(d) to identify main challenges faced by adopters including those that
affected growth and productivity, marketing of jatropha products,
income generation and local energy production.
Main causes of jatropha adoption
The mechanisms of jatropha introduction and farmers' motivation
for taking the risk of integrating an energy crop with no reliable market
into their farming system are described below for each study area.
Results are summarised in Table 1.
In Bondo, jatropha has been cultivated for a long time by medicine
men and herbal doctors to prepare medications and for ritual purposes.Use of jatropha as an energy feedstock only started around 2006, but re-
ally picked-up around 2007–2008. It was actively promoted by Dala
Rieko, a community-based organisation, which also encouraged the
use of other renewable energy sources. A jatropha farmers' association
called Namlolwe was established in 2006, and by 2010 counted around
100 members. This explains why 91% of the respondents indicate that
jatropha was introduced to them either by other farmers or by an
NGO. Adopters in Bondo seem to have received information on jatropha
from a wide range of sources, such as farmers, CBOs, the media, local
authorities and extension ofﬁcers. The community-based organisation
Dala Rieko plays a key advisory role (27%), together with the media
(35%). The main motivations of farmers to venture into jatropha pro-
duction were to generate additional on-farm income (100%) and to se-
cure their own energy supply (53%). These priorities can partly be
explained by the region's high poverty levels, as well as its high popula-
tion density leading to pressure on natural resources such as ﬁrewood.
In Kibwezi, jatropha was introduced in the 1960s as a fencing plant,
to protect food crops from livestock and livestock from wild animals,
and as a windbreak to reduce evapotranspiration on plots. 36% of all
recorded adoptions in Kibwezi took place in 2005–2006, when the
Kenyan NGO Vanilla Jatropha Foundation started using jatropha shrubs
as stakes for vanilla vines on their plantation and later as an energy
crop. A private company, Kensol Energy Limited, started to invest in
jatropha as well, and contracted farmers as outgrowers. In 2009–2010
another 17 farmers (34% of the sample) adopted jatropha. Surprisingly,
only 1 farmer indicated having taken up jatropha production because of
promotion by a private company. Farmers (58%) and an NGO (24%) are
the main motivators mentioned. Information on jatropha was gathered
by adopters from the media, extension ofﬁcers and community based
Table 1
Background of jatropha introduction and adoption in the 3 study areas.
Bondo Kibwezi Kwale
Farmers interviewed 34 56 53
Farmers with 2 jatropha plots 2 4 1
Introduction of jatropha in the study
areaa
N % N % N %
Before 1990 0 0.0 3 6.0 0 0.0
1990–1999 0 0.0 1 2.0 1 1.9
2000–2004 0 0.0 4 8.0 3 5.6
2005–2006 1 3.0 18 36.0 33 61.1
2007–2008 18 54.5 7 14.0 11 20.4
2009–2010 14 42.4 17 34.0 6 11.1
missing value 3 – 10 – 0 –
Typeof actor(s) introducing jatrophab N % N % N %
Other local farmers 21 61.8 32 58.2 11 21.2
NGO 10 29.4 13 23.6 28 53.8
Government 4 11.8 3 5.5 1 1.9
Biofuel company proposed to
buy seeds
0 0.0 1 1.8 14 26.9
Others 3 8.8 9 16.4 1 1.9
Source of information on jatrophab
Other Farmers 9 26 0 0 0 0
Extension ofﬁcers 7 20.6 10 18.2 27 51.9
Community-based organisation 9 26.5 6 10.9 4 7.7
Radio/TV 12 35.3 15 27.3 9 17.3
Local/authorities 8 23.5 4 7.3 13 25.0
Others 4 11.8 5 9.1 20 38.5
Reason of adopters for
cultivating jatrophab
N % N % N %
Diversify income sources 34 100.0 37 67.3 50 96.2
Own energy supply 18 52.9 16 29.1 31 59.6
Hedge for wind breaker/protection 0 0.0 17 30.9 2 3.8
Rehabilitating degraded land 0 0.0 1 1.8 2 3.8
Other reasons 0 0.0 3 5.5 1 1.9
a Percent of plots and hedges, not including missing values.
b Multiple answers possible.
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sources and to mitigate crop failure risks by adopting a drought-
tolerant cash crop (67%). Apparently, farmers also banked on the high
quality of jatropha oil to reduce dependency on expensive fossil fuels
and foster their own energy security (29%). A recent follow up on the
study shows thatmost farmers abandoned Jatropha. The Kenya Forestry
Research Institute (KEFRI) seized the chance and rented a jatrophaplan-
tation from a local farmer to carry out provenance trials and research on
the traits of all available jatropha varieties in Kenya, with the aim to
establish the best varieties for Kenyan soils.
In Kwale, a strong wave of adoption took place in 2006, owing
to its promotion by Energy Africa Ltd. The rate of adoption steadi-
ly decreased between 2006 and 2010, with only 6 farmers (11%)
taking up jatropha cultivation in 2009–2010. Energy Africa Ltd.
contracted farmers, gave them planting material and technical
advice, and guaranteed a market for jatropha seeds at a ﬁxed
price of 50 Kenyan shillings per kilogramme. The company also
established an oil mill and started selling jatropha oil to farmers along
with specially designed oil lamps to replace conventional kerosene
lamps. This explains why 60% of the farmers perceived this locally
established value chain as a contribution to their own energy security.
Another driving factor mentioned by the farmers is the opportunity to
diversify income and distribute risks across different market channels.
This also accounts for 96% of the farmers opting for monocultures or
intercropping. Adopters mentioned receiving information on jatropha
mainly from governmental extension services, which seem to be an
important source of information (52%), and from other sources (39%),which mainly refers to Energy Africa Ltd, the local private jatropha
promoter.
Focus group discussions and interactions with farmers in the 3 case
study areas revealed that the way in which jatropha was introduced
into a speciﬁc area and the type of actor introducing it were major fac-
tors determining adoption. The above outline of enabling factors
shows the crucial role played by NGOs and private companies in pro-
moting jatropha, either directly or through farmers' associations. Addi-
tionally, local peoples' perceptions and associated traditional uses of
jatropha played a major part as well in inﬂuencing adoption. In Bondo,
for example, jatropha is used by herbalists and witchdoctors and is
therefore often associated with illness, bad luck, and death, which hin-
ders adoption (see Table 4). During these discussions it also became
clear that a biodiesel strategy formulated by a committee commissioned
by theministry of energy was yet to be implemented andwas therefore
not referred to in any jatropha activities, neither by promoters nor by
adopters.
Characterisation of adopters and non-adopters
Thedriving factors outlined above did notmotivate all farmers in the
same way. What follows is an analysis of the differences between
adopters and non-adopters in the 3 study areas. Various capital assets
of households were used as indicators for characterising both groups.
The statistical signiﬁcance of each of these indicators is summarised in
Table 2 below.
Generally, human assets do not differ signiﬁcantly between adopters
and non-adopters, but signiﬁcant differences emerge regarding social as-
sets:When compared to non-adopters, jatropha adopters aremore often
part of farmer groups (p b 0.001). However, the direction of this causal-
ity is not clear, as it could be that NGOs and companies promoting
jatropha in the study areas operate through farmers' groups. Also,
adopters have better access to mobile phones (p = 0.02), especially in
Bondo (p b 0.001). Surprisingly, the recorded ﬁnancial assets do not
seem to be connected with jatropha adoption as hypothesised. Off-farm
income is widely variable among both adopters and non-adopters, and
no signiﬁcant between-group difference could be established. Natural
assets do not vary signiﬁcantly between adopters and non-adopters.
However, adopters tend to own more livestock than non-adopters and
cultivate more land with both food and energy crops (p = 0.01). On av-
erage, adopters plant jatropha on only a quarter of their land (Tables 2
and 3), probably to secure crop diversity as a risk reduction measure,
which is a common strategy among smallholder farmers (Ellis, 1993,
2000). But, it could also be a sign of entrepreneurial thinking. In short,
adopters tend to have more diversiﬁed livelihood activities than non-
adopters. They rely on greater on-farm potentials and generate more
added values, which they can then invest in livestock and in increasing
their cropping area. With regard to physical assets, the distance to the
next road did not signiﬁcantly differ between adopters and non-
adopters. This result is surprising, as respondentsmentioned that farmers
in less remote areas prefer growing food cash crops, which earn higher
returns on regional markets to which these farmers have better access.
It is possible that farmers in more remote places have problems compet-
ing on well-established food crop markets and are therefore inclined to
turn towards new opportunities with less competition, although no
evidence was collected to sustain this assumption.
Jatropha farming
Based on the information and advice provided by the above-
mentioned sources, most adopters in the 3 study areas started growing
jatropha in monoculture plots (between one and two thirds of the
adopters), or in combination with intercrops, mainly maize, cowpeas,
and cassava (around one third of the adopters in each area). The average
jatropha plot size ranges from around 0.5 acre in Bondo to 1.5 acres in
Kibwezi and comes to 0.8 acres in Kwale. This represents 10% of the
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20% in Kibwezi. Four out of ﬁve jatropha plantations in each area were
established on agricultural land formerly used for food crops (mainly
maize). This is clearly contrary to the initial intention, advertised by
promoters, to cultivate jatropha without competing for land with food
crops. In Kibwezi, 33% of the interviewed adopters indicated that they
grow jatropha in hedges, whereas this cultivation system is rare in
Kwale and Bondo. Hedges are roughly between 10 and 100 m long
and are typically established as substitutes for deadwood fences.
Jatropha plantations were mainly established manually. Only in
Kwale did some farmers (25%) use ox ploughs to prepare the land. Gen-
erally, crop management followed the initial claim that jatropha does
not require nutrient andwater inputs. Accordingly, only fewplantations
were irrigated in Bondo (6%) and Kwale (4%); this percentage was
slightly higher in arid Kibwezi (12%). Manure was usedwhile establish-
ing plantations on about half of the plots in Bondo and Kwale and one
quarter of the plots in Kibwezi. The aim was to increase the survival
rate of the fragile saplings. Mineral fertiliser was rarely applied in all
study sites and particularly in Kibwezi, probably owing to its higher
share of jatropha hedges, which were not primarily planted to produce
oil.
Jatropha was promoted as a pest- and disease-resistant crop, based
on the fact that it contains toxic compounds. However, many farmers
(56% in Bondo, 41% inKibwezi and 76% in Kwale) reported pests,mainly
golden beetle (Chrysochus auratus) and red spider mite (Tetranychus
urticae) and diseases (mainly fungi, powdery mildew, and leaf spot-
ting). Nonetheless, in Bondo and Kibwezi only few farmers applied pes-
ticides (17% and 13%, respectively). This was mainly due to limited
access to chemical inputs. In Kwale, the local private biofuel promoter
facilitated access by providing its recommended pesticide (Duduthrin)
togetherwith a sprayer to be shared by neighbouring jatropha adopters,
and by sending its technical staff to assist with spraying in cases of
intense infestationwith diseases and pests. This led to a higher pesticide
application rate (57%).
Apart from inadequate domestication that was identiﬁed as one of
the key problems with jatropha (Achten et al., 2010), management
practices proved insufﬁcient to achieve high productivity in the study
areas. At an average of about 0.8 ton per hectare and year (extremes
range from 0.4 to 1.3 t/ha/year), jatropha seed yield remained well
below expectations (GTZ, 2009).
Main challenges of jatropha adoption
Table 4 presents themain agronomic and socio-economic challenges
faced by adopters. These challenges were mentioned randomly by
respondents; no ranking of the challenges was done.
Plant growth and productivity
Focus group discussions revealed that there is not yet sufﬁcient local
experience with jatropha farming among adopters. Jatropha farmers
thus fully depend on outside sources to help themmanage and improve
their farms. Respondents indicated, however, that they do not have
sufﬁcient access to information and receive only little support from ex-
tension ofﬁcers or promoters. This shows an urgent need for more and
better extension serviceswhich are based on sound research and devel-
opment. One farming problem encountered by adopters invalidates
former statements about the resistance of jatropha (Openshaw, 2000;
Tewari, 2007): Pests and diseases affect the crop in all case study
areas. Additional challenges for jatropha farming are poor soils in
Kwale, necessitating fertiliser, and the arid climate in Kibwezi, leading
to poor plant growth and low yields.
Market
Several of the actors introducing jatropha aimed at using if for rural
development, in the absence of properly established markets for
jatropha products. This led to exaggerated expectations and,
Table 3
Sources of information on jatropha farming, cultivation systems, former land use, and
farming inputs in the 3 case study areas.
Parameter Bondo Kibwezi Kwale
Farmers interviewed 34 56 53
Farmers with 2 jatropha plots 2 4 1
Cultivation system selected N % N % N %
Monoculture 17 47.2 18 30.0 34 63.0
Intercropping 11 30.6 22 36.7 16 29.4
Hedge 8 22.2 20 33.3 4 7.4
Average plot size N value N value N value
Monoculture [acre] 13 0.52 17 1.47 25 0.82
Intercrop [acre] 11 0.45 14 1.53 16 0.69
Hedge [m] 1 13.0 14 84.3 4 37.1
Missing 11 – 15 – 9 –
Former land use on jatropha plot N % N % N %
Food crops 23 82.1 43 93.5 44 93.6
Grassland 1 3.6 0 0.0 2 4.3
Bush and forest land 0 0.0 1 2.2 1 2.1
Degraded land 0 0.0 1 2.2 0 0.0
Fallow land 4 14.3 1 2.2 0 0.0
Missing 8 – 14 – 7 –
Irrigation N % N % N %
Irrigated 2 5.6 7 11.7 2 3.7
Rainfed 34 94.4 53 88.3 52 96.3
Fertiliser N % N % N %
Mineral fertiliser 4 11.1 1 1.7 3 5.6
Manure 20 55.6 15 25.0 28 51.9
No fertiliser applied 12 33.3 44 73.3 23 42.6
Pesticide N % N % N %
Applied 6 16.7 8 13.3 31 57.4
Not applied 30 83.3 52 86.7 23 42.6
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farmers were only rarely successful in ﬁnding buyers for their seeds
(see Table 4). The few buyers they found were mainly foreigners
(both individuals and companies), offering exaggerated prices (in
some cases up to 20 times more than the ﬁxed price of 50 KSH/kg of-
fered by Energy Africa Ltd. in Kwale), since the seeds were bought asTable 4
Challenges faced by jatropha farmers in the 3 study sites.
Parameter Bondo
(N = 34)
Kibwezi
(N = 56)
Kwale
(N = 53)
N % N % N %
No Challenges 0 0.0 6 9.1 5 9.1
Plant growth and productivity
Low germination rate 0 0 2 3 2 4
Lack of proper seed material 1 2 1 2 1 2
Pests and diseases 13 32 15 23 12 22
Poor soil fertility 0 0 1 2 7 13
Drought 2 5 7 11 1 2
Low yields 2 5 0 0 5 9
Lack of agronomic information 1 2 6 9 4 7
Market
Lack of market 12 29 16 24 2 4
Low seed price 0 0 2 3 4 7
Income from jatropha
Labour intensive 1 2 10 15 10 18
High investment costs 5 12 0 0 2 4
Other
Bad reputation e.g. used by witchdoctors 4 10 0 0 0 0plantingmaterial and not for fuel production. In the short term, this com-
pensated for the lack of a reliablemarket, but this kind of tradewill not be
sustainable in the long run. In Kwale, jatropha farmers are contracted by
the local biofuel company, which buys the seeds at a ﬁxed price and
thus provides a local seed market. Nevertheless, 88% of the farmers in
Kwale reported that they were not always able to ﬁnd buyers. In fact,
farmers often withheld their seeds in anticipation of higher prices, as
they had heard through the media that jatropha farmers in Bondo had
been able to sell at 1000 Kenyan shillings per kilogramme.
Income from jatropha
Jatrophawas found to contribute to household income only margin-
ally in Kwale (1.3% of the average off-farm income) and in Bondo (2.7%).
In Kibwezi, its contribution is substantially higher (11.6%). A few well-
established jatropha plantations attract research institutions like the
Kenya Forestry Research Institute (KEFRI), who often hire part of the
plantation to carry out research and buy seeds for the same purpose.
Visitors interested in jatrophaprovide amarket aswell. High investment
costs (especially in Bondo and Kwale) as well as the amount of labour
required for jatropha farming (mainly in Kibwezi and Kwale) addition-
ally contribute to reducing jatropha's economic performance. Hence, in
line with the ﬁndings from the Jatropha Reality Check (GTZ, 2009), this
study comes to the conclusion that cultivating jatropha on block planta-
tions is economically very risky due to low yields, the absence of mar-
kets, and the opportunity costs of land. In addition, this farming
system is associated with a food security issue, as jatropha plantations
were mainly established on land previously used for food crops.
Own energy supply
Even though between 25% (Bondo) and 60% (Kwale) of the adopters
indicated their own energy supply as a motivation to cultivate jatropha
(see Table 1), the only local jatropha processing facility was found in
Kwale. This means that farmers in Bondo and Kibwezi who cannot sell
their seeds do not have the option of using them for their own energy
supply. The study did not record the investment cost, at village level,
for simple processing facilities, or the readiness of farmers to venture
into such an investment.
Conclusion
The results of this study show that the jatropha adoption process in
the 3 investigated case study areas was steered by non-governmental
and community-based organisations in Kibwezi and Bondo, and by a
private company in Kwale. Promotion and adoption took place in the
absence of an established and reliable market for jatropha products,
and without tried processes for local use. As a consequence, many
adopters were unable to sell their harvest or to use it for their own ener-
gy supply. Farmers venturing into jatrophamainly expected to diversify
their income basis and to improve their own energy supply. Jatropha
adopters in the selected sample have signiﬁcantly more natural and so-
cial capital assets and better integration in the local community group
membership than non-adopters. Adopters did not rely on advice from
other farmers when establishing their plantations. Instead, they mainly
listened to community-based organisations, extension services, private
promoters, and the media. Based on the advice they were given, they
favoured growing jatropha on plots (monocropping and intercropping),
despite the higher risks of this production type (Mogaka, 2010). Farm
management on jatropha plots was generallymodest: manure was usu-
ally spread on new plantations to increase survival rates, but irrigation,
mineral fertiliser, and pest control were rarely used. Together with the
lacking jatropha domestication, which is a major constraint (Achten
et al., 2010), the low level of farm management used in the case study
sites resulted in yields that were signiﬁcantly lower than projected
yields on large scale plantations with high inputs.
The above synthesis of results points to the fact that jatrophapromo-
tion and adoption in Kenya was not well integrated in the existing
15V. Mogaka et al. / Energy for Sustainable Development 18 (2014) 9–15economic context. The consequences were poor economic returns and
widespread disappointment as witnessed in other parts of the develop-
ing world (Ariza-Montobbio and Lele, 2010; Fairless, 2007; Romijn and
Caniels, 2011). The ﬁndings also show that the regulatory system and
extension services were not sufﬁciently prepared to provide the neces-
sary framework, advice, and incentives to adequately guide the adop-
tion process and provide realistic jatropha development strategies. It
seems like this lack of information and guidance led to a continuing of
jatropha adoption even though poor economic prospects under the
current circumstances were already proven. It is therefore important
that these players – who have been missing in the process so far – are
brought on-board to provide a coherent negotiation platform, which
will not only aim to fulﬁl national development priorities, but will also
focus on rural development issues and farmers' perspectives and
opportunities.
In the current situation, the promotion of jatropha onplots should be
abandoned, at least until improved seed material and locally adapted
agronomic knowledge about jatropha cultivation becomes available
and/or the production can become economically competitive, e.g. due
to higher fossil fuel prices. Unlike others (Achten et al, 2010; FAO,
2010), we also do not recommend growing jatropha on plots at small
scale, but rather to focus on the development of hedges, which incur
signiﬁcantly lower investment risks and opportunity costs for land.
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